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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of depositing 
film for precisely forming a tanta lum oxidation film having a 
small thickness that has very high in-plane uniform ity of the 
thickness, very small surface roughness, and moreover 
satisfactory electrical properties. 

SOLUTION: In the method of depositing film for forming the 
tantalum oxidation film on a surface of a treated body W in a 
treatment chamber 20 using raw material gas and oxidizer gas, 
an oxidizer applying step, in which the oxidizer gas is applied to 
a surface of the treated body, and a reaction step, in which the 
raw material gas is caused to act upon the applied oxidizer gas, 
so as to form the tantalum oxidation film, are repeated in this 
order for two or more times. As a result, a tantalum oxidation 
film with a small thickness that has very high in-plane 
uniformity of thickness can be formed precisely, with very small 
surface roughness, and moreover with satisfactory electrical 
characteristics, even at low temperatures. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] In the membrane formation approach which uses material gas and oxidizer gas for the front face 
of the processed object in a processing container, and forms the tantalic acid-ized film in it The membrane 
formation approach characterized by repeating the oxidizer adhesion process of making said oxidizer gas 
adhering to the front face of said processed object, and the reaction process which said material gas is made 
to act to said oxidizer gas to which it adhered, and forms the tantalic acid-ized film two or more times, and 
performing it in this sequence. 

[Claim 2] The membrane formation approach according to claim 1 characterized by performing the gas 
exclusion process for eliminating the oxidizer gas or material gas introduced into said processing container 
at the last process between said oxidizer adhesion processes and said reaction processes out of the gaseous 
phase in said processing container. 

[Claim 3] Said gas exclusion process is the membrane formation approach according to claim 2 
characterized by consisting of inert gas purge operation for flueing which carries out vacuum suction, 
introducing inert gas into the vacuum suction actuation for flueing which carries out vacuum suction of the 
inside of said processing container, suspending supply of the gas into said processing container, or/and said 
processing container. 

[Claim 4] Said oxidizer adhesion process and said reaction process are the membrane formation approach 

according to claim 1 characterized by carrying out under the same pressure substantially. 

[Claim 5] Said oxidizer adhesion process, said gas exclusion process, and said reaction process are the 

membrane formation approach according to claim 2 characterized by carrying out under the same pressure 

substantially. 

[Claim 6] Said reaction process is the membrane formation approach according to claim 1 to 5 that said 
material gas is characterized by performing surface reaction in a temperature requirement which reacts as a 
subject. 

[Claim 7] Said temperature requirement is the membrane formation approach according to claim 6 
characterized by being within the limits of 150-400 degrees C. 

[Claim 8] Said oxidizer gas is H2 O, H2 02, and 03. The membrane formation approach according to claim 
1 to 7 characterized by being any one. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 



[Field of the Invention] This invention relates to the membrane formation approach for making the tantalic 
acid-ized film deposit. 



[Description of the Prior Art] Although it carries out by repeating membrane formation processing and 
pattern etching processing to a semi-conductor wafer and a desired device is generally manufactured in 
order to manufacture a semiconductor device inside - a membrane formation technique — a semiconductor 
device - densification - and — being integrated highly ~ following - the specification - That is, the design 
rule is severe every year, for example, the further thin film-ization is required also from a very thin oxide 
film etc. like the insulator layer of the capacitor in a device, or gate dielectric film, and still higher insulation 
is demanded of this and coincidence. 

[0003] As these insulator layers, although silicon oxide, the silicon nitride film, etc. can be used, if it is in 
recently, it is in the inclination for a metal oxide film (Ta 205), for example, the tantalic acid-ized film etc., 
to be used, as an ingredient with a more good insulating property. Even if this metal oxide film is thin, it can 
demonstrate reliable insulation. If it explains taking the case of the case where the tantalic acid-ized film is 
formed in order to form this metal oxide film for example The pentaethoxy tantalum which is the metal 
alkoxide of a tantalum as a raw material for membrane formation (Ta5 (OC two H5)) Evaporate with 
evaporation equipment (it is also hereafter called PET), supply this, and a semi-conductor wafer is 
maintained in process temperature of about 410 degrees C. The laminating of the tantalic acid-ized film (Ta 
205) is carried out by CVD (Chemical Vapor Deposition) under a vacuum ambient atmosphere. 
[0004] An example of the capacitor structure when using this tantalic acid-ized film for gate dielectric film 
etc. is made as [ show / in drawin g 9 ]. namely, — for example, the source 2 and a drain 4 form in the front 
face of the semi-conductor wafer W which consists of a silicon substrate etc. — having — **** — the front 
face between this source 2 and drain 4 — Si02 or the interface film 6 which consists of mixture of SiON or 
both — minding — Ta 205 The becoming tantalic acid-ized film 8 is formed as gate dielectric film. And on 
this tantalic acid-ized film 8, the laminating of the gate electrode 12 which is a barrier metal layer for 
preventing a chemical reaction with a gate electrode and which consists of aluminum (aluminum) or W 
(tungsten), for example through the TiN film 10 is carried out, and a capacitor is constituted. The interface 
film 6 of the substrate of the above-mentioned tantalic acid-ized film 8 is indispensable film in order to aim 
at adjustment with a lower layer silicon side from the need of holding down the interface-state-density 
consistency of this tantalic acid-ized film 8 within the limits of predetermined. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, since the design rule became severer as mentioned 
above, the thickness of the tantalic acid-ized film 8 formed on the above-mentioned interface film 6 is very 
thin with about at most 100 A. Although the membrane formation rate of this tantalic acid-ized film is a high 
membrane formation rate of 1500A / min extent when for example, membrane formation temperature is the 
CVD membrane formation which is about 600 degrees C In order to deposit the tantalic acid-ized film 8 of 
about 100 A of thickness with a sufficient precision as mentioned above, CVD membrane formation 
temperature is dropped on about 410-degree C low temperature, a membrane formation rate is made low, 
and the attempt which deposits the tantalic acid-ized film of about 100 A thickness with a sufficient precision 
is performed. 

[0006] However, although a membrane formation rate will fall corresponding to it and thickness control 
nature will improve if the relation between the membrane formation rate of the tantalic acid-ized film and an 



[0001] 
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incubation time has the relation which conflicts as shown in drawing 10 , for example, membrane formation 
temperature is made low, an incubation time serves as an increasing inclination conversely. An incubation 
time points out the period which the target film does not deposit on a wafer front face at all even if it passes 
material gas (membrane formation gas) in the early stages of a membrane formation process here. When the 
membrane formation condition at this time is typically shown with reference to drawing 1 1 , as shown in 
drawing 1 1 (A), it sets at an incubation period, and is Ta 205 of an amorphous condition to the front face of 
the interface film 6 of Wafer W. It is formed after the kind 14 has distributed. And if an incubation period 
passes, as the film accumulates at a stretch centering on the kind 14 and it is shown in drawing 1 1 R> 1 (B) 
for the first time, the tantalic acid-ized film 8 will be formed. In the front face of the tantalic acid-ized film 8 
formed at this time, since the concave convex voice of the kind 14 which carried out [ above-mentioned ] 
dispersion is reflected, it will become a big concave convex. Since this kind 14 of magnitude carries out 
proportionally [ abbreviation ] and becomes large in an incubation time, when making the tantalic acid-ized 
film 8 deposit at the about 410-degree C low temperature CVD, surface irregularity will become large 
further. 

[0007] When such irregularity occurred, the part with the thick thickness of the tantalic acid-ized film 8 and 
the thin part occurred, at least about 100 A of thickness H2 of a part with thin thickness became [ the 
thickness HI of a part with thick thickness ] about 30 A, consequently the electric-field concentration into a 
thin part with big thickness occurred, and there was a problem that far bigger leakage current than a design 
value will arise. Moreover, such a problem was produced not only when using the tantalic acid-ized film as 
gate oxide, as described above, but when for example, the tantalic acid-ized film was used as a capacitor 
insulator layer. When this point is explained taking the case of the capacitor of MIM (Metal InsulatorMetal) 
structure, it is the lower electrode with which a sign 3 consists of a ruthenium (Ru) of a capacitor in drawing 
12 (A), and this lower electrode 3 is Si02. It is formed on the becoming interlayer insulation film 5, and the 
lower electrode 3 is connected to the lower layer diffusion layer which is not illustrated through the plug 7 
which consists of a tungsten. As structure of this lower electrode 3, there is also a thing of the structure 
which deposited the SiN film etc. as a reaction prevention layer, for example on doped polysilicon. 
[0008] And when the tantalic acid-ized film 8 is made to deposit as a capacitor insulator layer on such a 
lower electrode 3 or an interlayer insulation film 5 as shown in drawing 12 (B), the membrane formation 
time lag on the ruthenium which is the lower electrode 3 by generating of an incubation time which was 
mentioned above is Si02 which is an interlayer insulation film to being a part for abbreviation zero. In a top, 
a membrane formation time delay will occur a maximum of 7 about minutes. For this reason, the tantalic 
acid-ized film 8 had grown in the shape of eye RAIDO. By this membrane formation time delay, the case 
where the tantalic acid-ized film became thin partially arose, and the poor insulation part 9 had occurred in 
the boundary parts of the lower electrode 3 and an interlayer insulation film 5 especially. In this case, as 
shown in drawing 12 (C), when the up electrode 1 1 which consists of a ruthenium was formed and an 
electrical potential difference was impressed between two electrodes 3 and 1 1 , the problem that electric- 
field concentration will occur into the above-mentioned poor insulation part 9, and electrical characteristics 
will get worse was also on this. 

[0009] Then, these people indicated the membrane formation approach which can form the tantalic acid-ized 
film of thin thickness with the high homogeneity within a field of thickness with a sufficient precision also 
at low temperature by previous application (application for patent 2000-080904), in order to solve the 
above-mentioned trouble. He makes an oxidizer adhere to the front face of a semi-conductor wafer 
beforehand in advance of CVD membrane formation of the tantalic acid-ized film, and is trying to form the 
volume phase which material gas is made to act on this and consists of thin tantalic acid-ized film by this 
membrane formation approach. 

[0010] By the way, according to the above-mentioned membrane formation approach, although the 
thickness homogeneity of the tantalic acid-ized film is fully improvable, surface roughness (roughness) is a 
little large, the inadequate part is discovered by subsequent examination about electrical characteristics, and 
it became clear that the above-mentioned membrane formation approach is not enough. This invention is 
originated paying attention to the above troubles that this should be solved effectively. The purpose of this 
invention has the very high homogeneity within a field of thickness also at low temperature, surface 
roughness is very small, and it is in offering the membrane formation approach that moreover electrical 
characteristics can form the tantalic acid-ized film of good thin thickness with a sufficient precision. 
[0011] 

[Means for Solving the Problem] this invention person etc. results in this invention by acquiring the 
knowledge that the ideal tantalic acid-ized film can be formed by repeating not the CVD membrane 
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formation accompanied by surface reaction and gaseous phase reaction but the MLD (MLD: Molecular 
Layer Deposition) membrane formation which makes surface reaction a subject by dropping process 
temperature, and performing it, as a result of inquiring wholeheartedly about the membrane formation 
approach of the tantalic acid-ized film. Namely, invention specified to claim 1 is set to the membrane 
formation approach which uses material gas and oxidizer gas for the front face of the processed object in a 
processing container, and forms the tantalic acid-ized film in it. The oxidizer adhesion process of making 
said oxidizer gas adhering to the front face of said processed object, and the reaction process which said 
material gas is made to act to said oxidizer gas to which it adhered, and forms the tantalic acid-ized film are 
repeated two or more times, and it is made to perform it in this sequence. 

[0012] the reaction which controlled gaseous phase reaction and made surface reaction the subject by this is 
produced — making — the very thin film of a molecular level — much more — every — since it was made to 
make the whole tantalic acid-ized film deposit by continued and forming in two or more layers, the 
homogeneity within a field of thickness is very high, surface roughness is very small, and, moreover, 
electrical characteristics become possible [ forming the tantalic acid-ized film of good thin thickness with a 
sufficient precision ]. It may be made to perform the gas exclusion process for eliminating the oxidizer gas 
or material gas introduced into said processing container at the last process between said oxidizer adhesion 
processes and said reaction processes out of the gaseous phase in said processing container so that it may 
specify to claim 2 in this case. According to this, since it is made to perform a gas exclusion process 
between an oxidizer adhesion process and a reaction process, membrane formation which could eliminate 
the oxidizer gas which piles up into the gaseous phase in a processing container, or material gas to 
abbreviation authenticity, therefore controlled generating of gaseous phase reaction to abbreviation 
authenticity, and made surface reaction the subject can be performed. 

[0013] In this case, said gas exclusion process consists of inert gas purge operation for flueing which carries 
out vacuum suction, introducing inert gas into the vacuum suction actuation for flueing which carries out 
vacuum suction of the inside of said processing container, suspending supply of the gas into said processing 
container, or/and said processing container so that it may specify to claim 3. Moreover, it may be made to 
perform said oxidizer adhesion process and said reaction process under the same pressure substantially so 
that it may specify, for example to claim 4. According to this, since you do not need to make it go up and 
down the pressure in a processing container, it becomes possible to raise the throughput of membrane 
formation processing. 

[0014] Moreover, similarly, it may be made to perform said oxidizer adhesion process, said gas exclusion 
process, and said reaction process under the same pressure substantially so that it may specify to claim 5. 
Also in this case, since you do not need to make it go up and down the pressure in a processing container, it 
becomes possible to raise the throughput of membrane formation processing further. Moreover, said 
reaction process is performed in a temperature requirement where said material gas reacts considering 
surface reaction as a subject so that it may specify to claim 6. 

[0015] As specified to claim 7, said temperature requirement is within the limits of 150-400 degrees C. 
Moreover, said oxidizer gas is H2 O, H2 02, and 03 so that it may specify, for example to claim 8. It is any 
one. 
[0016] 

[Embodiment of the Invention] Below, one example of the membrane formation approach concerning this 
invention is explained in full detail based on an accompanying drawing. The block diagram showing the 
membrane formation equipment with which drawing 1 enforces this invention approach, the timing diagram 
drawing 2 indicates the flow of the 1 st example of this invention approach to be, and drawing 3 are the 
mimetic diagrams showing the membrane formation condition in this invention approach. As shown in 
drawin g 1 , this membrane formation equipment 1 8 has the processing container 20 made from the quartz of 
the shape of a cylinder object of owner head lining, the lower limit section of this processing container 20 is 
opened wide, opening 22 is formed, and the flange 24 for junction is formed in this periphery. This 
processing container 20 is covered with the heat insulator 28 of the shape of a cylinder object which 
arranged the heating heater 26 inside as a heating means, and forms the heating furnace. 
[0017] The material gas installation nozzle 30 for introducing material gas into the lower side attachment 
wall of the processing container 20 (material gas supply means), The oxidizer installation nozzle (oxidizer 
supply means) 32 for introducing oxidizer gas, and N2 While the gas installation nozzle 34 makes it 
penetrate, respectively and is prepared Each of these nozzles 30, 32, and 34 have extended to the head-lining 
section in accordance with the side attachment wall of the processing container 20, and they are spouted, 
carrying out control of flow of each gas, more nearly respectively than the head-lining section. In the 1st 
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example of this invention approach, H2 O (steam) is used as an oxidizer, using PET (pentaethoxy tantalum: 
Ta5 (OC two H5)) as material gas (membrane formation gas). Here, since Above PET is a liquid in ordinary 
temperature, it is made to evaporate with a carburetor (not shown) and is introduced into the processing 
container 20 in the state of gas. Furthermore, in order to discharge the ambient atmosphere in the processing 
container 20, the exhaust port 36 of the diameter of macrostomia is comparatively formed in the lower side 
attachment wall of the processing container 20, and in this exhaust port 36, the exhaust air system which 
interposed the exhaust air pump and which is not illustrated is connected to it. 

[001 8] The outermost periphery of the flange 24 of this processing container 20 is supported with the base 
plate 38 made from stainless steel, and holds the whole processing container 20. And closing motion of the 
product made from a quartz or the cap section 42 made from stainless steel for which rise and fall of the 
elevator style 40 like a boat elevator were attained is attained for the opening 22 of the lower limit section of 
this processing container 20. On this cap section 42, the wafer boat 44 is laid through the heat insulating 
mould 46 as a processed object support means made from a quartz laid in multistage in the predetermined 
pitch, to the inside of the processing container 20, the unload of the semi-conductor wafer W could be 
loaded or carried out, and it is come by rise and fall of the cap section 42. 

[0019] Next, drawin g 2 and drawing 3 are also referred to and explained about the 1st example of this 
invention approach performed using the membrane formation equipment constituted as mentioned above. 
First, in the unload condition of having dropped the elevator style 40, the unsettled semi-conductor wafer W 
is laid in multistage at a wafer boat 44, and the rise drive of the elevator style 40 is carried out. In addition, 
the interface film 6 as shown in these semi-conductor wafers W at a last process at drawing 9 is formed, a 
rise drive — the cap section 42 — gradually — going up — many — finally this opening 22 will be closed 
[ sheets / about 50-100 ] by the cap section 42 in several sheets, for example, a 8 inch wafer, by carrying in 
to the interior the wafer boat 44 laid in multistage from the lower limit opening 22 of the processing 
container 20, and loading it, and the inside of the processing container 20 will be sealed (point PI in 
drawing 2 ). 

[0020] And vacuum suction of the inside of the processing container 20 is carried out maintaining the semi- 
conductor wafer W at about 300 degrees C, and it maintains (point P2)., predetermined pressure, for 
example, 40Pa (0.3Torr) extent Thus, if vacuum suction of the inside of the processing container 20 is 
carried out to a predetermined pressure next, it will shift to an oxidizer adhesion process. Here, first, the 
steam of the specified quantity, for example, lOOsccm extent, is supplied from the oxidizer installation 
nozzle 32 as an oxidizer, and the process temperature of the above-mentioned 300 degrees C and the process 
pressure of the above-mentioned 40Pa are maintained. This steam is H2. It is 02 at the combustion chamber 
which does not illustrate gas. It is made to generate by making it burn by gas. By supply of this steam, as 
shown in dra wing 3 (A), the very fine steam molecule 48 will adhere [ the whole surface ] to the front face 
of the interface film 6 of each semi-conductor wafer W at abbreviation homogeneity (point P3). Thus, the 
oxidizer adhesion process of making a steam adhering in a molecular level is preferably performed 0.1 
seconds to about 600 seconds about 1 minute to a point P3, for example. The amount of supply of the steam 
at this time is ten cc - 1000 cc (gas) extent. 

[0021] Thus, if an oxidizer adhesion process is completed (point P3), supply of a steam will be suspended, 
next it will shift to a reaction process. At this reaction process, it is N2 as inert gas. Specified quantity 
supply of the PET gas is carried out to a point P4, using gas as carrier gas. This amount of supply is 0.01 cc 
- three cc (liquid) extent. Since the steam molecule 48 has adhered to the front face of Wafer W at this time 
as mentioned above, the supplied PET gas contacts this steam molecule 48, even about 300-degree C low 
temperature is activated, a reaction is made easily, and as shown in dra win g 3 (B), tantalic acid-ized film 
(Ta 205) 50 A of the 1st layer of the thickness (1 A of abbreviation) of 1 molecular-level extent is formed. 
The reaction formula at this time is expressed as follows, and alcohol (C2 H5 OH) generates it by the 
reaction. 

2Ta(OC two H5)5+5H 20 -> Ta2 O5+10C2 H5 OH** [0022] The process conditions at this time are N2 as 
carrier gas. The flow rate of gas is lOOOsccm extent, and a process pressure is the same about 40Pa as the 
last oxidizer adhesion process. Moreover, PET which is material gas specifically set process temperature to 
a temperature requirement which reacts considering surface reaction as a subject, for example, within the 
limits of 150-400 degrees C, and it is set as the 300 degrees C same as mentioned above as the last oxidizer 
adhesion process here. Since surface roughness will deteriorate so that the CVD membrane formation to 
which not surface reaction but gaseous phase reaction serves as a subject may occur and mention later if this 
process temperature becomes large exceeding 400 degrees C, it is not desirable. Moreover, if process 
temperature becomes lower than 150 degrees C, and PET of an evaporation condition is introduced into the 
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processing container 20, a reliquefaction can be carried out immediately, this evaporation condition cannot 
be maintained, and a reaction cannot fully be promoted. Again. A desirable temperature requirement is 
within the limits of 200-400 degrees C. 

[0023] Moreover, since it is necessary to perform neither rising-and-falling-temperature actuation of process 
temperature, nor rise-and-fall actuation of a process pressure when shifting a process by setting the process 
temperature and the process pressure of an oxidizer adhesion process and a reaction process as the same 
value as mentioned above, it becomes possible to raise the part and a throughput. By performing this 
reaction processing 10 seconds to about 60 seconds preferably about 2 minutes, for example, abbreviation 
consumption **** of the steam molecule 48 is carried out, and tantalic acid-ized film 50A whose thickness 
is about 1 A is formed. Thus, supply of PET will be suspended if a reaction process is completed (point P4). 
Next, a repeat deed ( drawing 3 (C) and drawing 3 (D)) and tantalic acid-ized film SOB of the 2nd layer or 
subsequent ones are made to deposit again, an oxidizer adhesion process (point P2-point P3) and a reaction 
process (point P3 -point P4) which were mentioned above one by one in this sequence, as shown in a point 
P4-apointP9. 

[0024] Although the repeat of such an oxidizer adhesion process and a reaction process is depended also on 
n times, for example, target last, of thickness, the tantalic acid-ized film by which the laminating was carried 
out as a whole as a line was shown in drawing 3 (E) about several 10 times from several times is obtained. 
When shown in (tawjng_3 (E), the condition that, as for the 5 times repeat line, the tantalic acid-ized film 
50A-50E of five layers was obtained in a series of above-mentioned processes is shown. Thus, target 
thickness will be obtained in total of the thickness of all tantalic acid-ized film. Thus, if the reaction process 
of the last cycle is completed (point P9), Wafer W is made to lower to predetermined handling temperature 
(point P10), the unload of the wafer W will be carried out and it will be made taken out from the inside of 
the processing container 20. Thus, by maintaining process temperature at 400 degrees C or less, repeating an 
oxidizer adhesion process and a reaction process two or more times, and performing them in this sequence 
Since it reaches to an extreme every further with a molecular level at the reaction which makes surface 
reaction a subject and was made to carry out the laminating of the thin tantalic acid-ized film, the tantalic 
acid-ized film as the whole The homogeneity within a field of thickness can be maintained highly, without 
thickness inclining, moreover, a controllability is good in the several angstroms - about 100 A very thin 
tantalic acid-ized film, without making the front face produce irregularity, surface roughness can be very 
small and electrical characteristics can obtain the good tantalic acid-ized film. 

[0025] Moreover, it does not pass over the flow rate of each gas in the 1st example of the above, process 
temperature, a process pressure, etc. for an example to only have been shown, and, of course, is not limited 
to these. For example, about a process pressure, it can both carry out in an oxidizer adhesion process and a 
reaction process within the limits of 1.3Pa (O.OlTorr) - 665Pa (5Torr) extent. Moreover, although the steam 
(H2 O) was used as oxidizer gas, it is not limited to this but you may make it use hydrogen peroxide solution 
(H2 02) and ozone (03) in an oxidizer adhesion process in the 1 st example of the above. Moreover, in the 
1st example of the above, although it is made to carry out respectively succeeding the time of carrying out 
by repeating an oxidizer adhesion process and a reaction process, it may be made to perform the gas 
exclusion process for eliminating the oxidizer gas introduced into the above-mentioned processing container 
20 at the last process among both these processes, or PET gas out of the gaseous phase in the processing 
container 20. 

[0026] Drawing 4 is a timing diagram which shows the flow of the 2nd example of such this invention 
approach. Drawing 2 is compared with drawing 4 , and in the 2nd example shown in this drawing 4 , it is 
made to perform a gas exclusion process between the oxidizer adhesion processes and reaction processes 
which are shown in drawing 2 , and between a reaction process and an oxidizer adhesion process, 
respectively so that clearly. This gas exclusion process is performed into drawing 4 between the point PI 3- 
point P14, the point P15-point P16, the point P17-point PI 8, and the point P20-point P21 . Moreover, the 
vacuum suction performed at the point PI 1 -point PI 2 of initiation of membrane formation processing in this 
case can also be regarded as a gas exclusion process. It is for eliminating the oxidizer gas or PET gas 
introduced in the processing container 20 at the last process (it removes in the case of the point PI 1 -point 
PI 2) out of a gaseous phase at this gas exclusion process, for example, at the gas exclusion process shown 
between the point P13-points P14 It is what eliminates the steam gas which is introduced into the processing 
container 20 at the oxidizer adhesion process in front of this (point P12-point P13), and remains in a gaseous 
phase. Moreover, the gas exclusion process shown between the point P15-points PI 6 eliminates the PET gas 
which is introduced into the processing container 20 at the reaction process in front of this (point P14-point 
PI 5), and remains in a gaseous phase. 
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[0027] The concrete actuation in this gas exclusion process carries out vacuum suction of the inside of this, 
where supply of all the gas to the processing container 20 is suspended. The inside of the processing 
container 20 Base **, For example, the vacuum suction actuation for flueing which eliminates PET gas and 
a steam by decompressing to 0.4Pa (0.003Torr), It is N2 in this processing container 20, carrying out 
vacuum suction of the inside of the processing container 20. Inert gas purge operation for flueing which 
eliminates PET gas and a steam can be alternatively performed by introducing inert gas, such as gas. In this 
case, what is necessary is just to perform a gas exclusion process a grade, for example for 1 - 2 minutes. 
Thus, since he is trying to eliminate the PET gas which is introduced in the processing container 20 at the 
process in front of this, and remains in a gaseous phase by performing a gas exclusion process, or a steam 
Since the gas which contributes to a membrane formation reaction does not remain in a gaseous phase when 
a steam or PET gas is introduced in the processing container 20 at the process just behind this It becomes 
possible to control very small the surface roughness of the tantalic acid-ized film which it is lost that the 
gaseous phase reaction constituting the cause of aggravation of surface roughness arises, therefore is finally 
obtained. 

[0028] [ when inert gas purge operation for flueing is performed as a gas exclusion process here ] If it 
maintains to the same value as the pressure at the time of the oxidizer adhesion process and reaction process 
before and behind this process, for example, 40Pa, since it will become the same pressure value covering all 
processes, the pressure in the processing container 20 at this time It becomes possible for it to become 
unnecessary to perform pressure regulation for every process, and for the part and processing speed to 
quicken, and to raise a throughput. In the 2nd example shown in above-mentioned drawi ng 4 , although it 
was made to operate either the vacuum suction actuation for flueing or the inert gas purge operation for 
flueing at a gas exclusion process alternatively, it is not limited to this but may be made to perform these 
actuation of both continuously. 

[0029] Drawing 5 is a timing diagram which shows the flow of the 3rd example of such this invention 
approach. Drawing 4 is compared with draw ing 5 , in the gas exclusion process shown in drawin g 4 , 
perform vacuum suction actuation for flueing that first half, the function of a pressure return (adjustment) is 
also made to have that second half in the 3rd example shown in this drawing 5 , and inert gas purge 
operation for flueing is performed so that clearly. Vacuum suction actuation for flueing is performed into 
drawing^ between point PI 1-point PI 1-1, point P13-point P13-1, point P15-point P15-1, point P17-point 
PI 7-1, and point P20-point P20-1 . Moreover, inert gas purge operation for flueing is performed between the 
point PI 1-1-point PI 2, the point PI 3-1 -point PI 4, the point PI 5- 1-point PI 6, the point PI 7- 1-point PI 8, and 
the point P20- 1-point P21. What is necessary is here, just to perform each actuation of the vacuum suction 
actuation for flueing, and the inert gas purge operation for flueing a grade, for example for 1 minute, 
respectively. Thus, in a gas exclusion process, if it is made to perform vacuum suction actuation for flueing, 
and inert gas purge operation for flueing continuously, since the gas which contributes to a membrane 
formation reaction into the gaseous phase in the processing container 20 will not exist in abbreviation 
completeness therefore, it becomes possible to control the surface roughness of the tantalic acid-ized film 
finally obtained much more very small. 

[0030] Next, since carbon concentration in the film was estimated as evaluation of the surface roughness of 
the tantalic acid-ized film obtained by MLD membrane formation of this invention approach, and the 
conventional C VD membrane formation (the approach indicated by the previous application for patent 
2000-80904 is included), the evaluation result is explained. Drawing 6 is a graph showing the surface 
roughness of each film the time (the approach indicated to the application for patent 2000-80904 is 
included) of temperature performing CVD membrane formation at 410 degrees C, and when temperature 
performs MLD membrane formation of this invention at 200 degrees C and 300 degrees C, respectively. In 
addition, all the formed thickness is the same thickness substantially, drawin g 6 — being shown — a graph — 
inside — a result — A — and — a result — B ~ respectively — drawing^ — being shown -- this invention — the 

— three — an example — an approach — membrane formation — having carried out — the time — a result — 
being shown — a result — A ~ the whole — a process — temperature — 200 — degree C — maintaining — 100 - 

— a time — having repeated — a case — a result — B — the whole — a process — temperature — 300 — degree C 

— maintaining — 50 — a time — having repeated — a case — respectively — being shown —****. Moreover, 
Result C shows the case where membranes are formed by the approach indicated to previous application 
(application for patent 2000-80904), and process temperature is 410 degrees C. Furthermore, Result D 
shows the case where membranes are formed by the conventional general CVD, and process temperature is 
410 degrees C. 

[003 1] It became clear that surface roughness was quite small and could obtain a good result rather than 2 A 
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of C as a result of A and B showing 1.2 A and 1.5 A, respectively as a result of this invention approach, being 
based on CVD membrane formation in the case of this invention approach and being based on 4.5A of D 
and the approach of application at the point about ****** so that clearly from this graph. In addition, in this 
invention approach, the growth rate of thickness in case process temperature is 200 degrees C was about 
0.5 A per time, and, in the case of 300 degrees C, it was about 1 .OA. Moreover, drawing 7 is a graph which 
shows the carbon concentration in each film when performing MLD membrane formation of the time of 
temperature performing CVD membrane formation at 410 degrees C, and this invention. Among the graph 
shown in drawing 7 , a property A shows the result (process temperature is 300 degrees C) when forming 
membranes by the approach of the 3rd example of this invention shown in drawin g 5 , and a property B 
shows the result (process temperature is 410 degrees C) when performing the conventional general CVD 
membrane formation. 

[0032] In the property A of this invention, the value of carbon concentration has become small enough from 
the property B to 50 A in thickness at least, and it became clear that the direction of the film planned in the 
use mode of the tantalic acid-ized film from now on according [ electrical characteristics ] to this invention 
approach was considerably excellent by this so that clearly from this graph. In addition, in each above this 
example, it sets at a reaction process, and is N2 as carrier gas in PET gas. Although gas was used, other inert 
gas, for example, helium and Ne, and Ar gas may be used. Moreover, as material gas, it is not limited to 
PET gas, but other material gas containing a tantalum may be used. 

[0033] Moreover, although each above-mentioned example explained taking the case of the case where the 
tantalic acid-ized film is made to deposit on the front face of a semi-conductor wafer, also when making the 
tantalic acid-ized film 8 deposit as a capacitor insulator layer of the capacitor of MIM structure as 
specifically shown also in drawing 8 as other examples, this invention approach can be applied, that is, it is 
shown in drawingJB (A) - as - Si02 etc. - as shown in drawingj? (B), in case the tantalic acid-ized film 8 
is formed as a capacitor insulator layer to the lower electrode 3 which was formed on the becoming 
interlayer insulation film 5 and which consists of a ruthenium, for example, this invention approach is used 
on process conditions, such as the same temperature which was mentioned above, and a pressure. Thereby, 
an incubation time is canceled, and an electrical property is good and, moreover, the tantalic acid-ized film 8 
of equivalent thickness not only being made to deposit on the lower electrode 3 and an interlayer insulation 
film 5 but can obtain the tantalic acid-ized film also with very small surface roughness. Therefore, since the 
poor insulation part 9 (refer to drawing 12 ) has not occurred unlike the case where it explains in drawing 12 
previously even if it deposits the up electrode 1 1 on this upper layer and impresses an electrical potential 
difference between two electrodes 3 and 1 1, as shown in drawin g 8 (C), it becomes possible to maintain 
those electrical characteristics highly. In addition, although this capacitor is MIM structure, it is not limited 
to this, for example, can be applied also to the capacitor of MIS (Metal Insulator Semiconductor) structure. 
[0034] moreover — here — single tubing structure — it is — at once — many — although explained taking the 
case of the membrane formation equipment of a batch type which can process to several semi-conductor 
wafers, of course, this invention is applicable also to the membrane formation equipment of the so-called 
single wafer processing which is not limited to this but processes membrane formation equipment and every 
one semi-conductor wafer of a batch type of double tubing structure Furthermore, as a processed object, it is 
not limited to a semi-conductor wafer, but, of course, this invention can be applied to a LCD substrate, a 
glass substrate, etc. 
[0035] 

[Effect of the Invention] As explained above, according to the membrane formation approach of this 
invention, the operation effectiveness which was excellent as follows can be demonstrated, according to 
invention specified to claims 1, 3, 5, 6, 7, and 8, the reaction which controlled gaseous phase reaction and 
made surface reaction the subject is produced — making — the very thin film of a molecular level — much 
more — every, since it was made to make the whole tantalic acid-ized film deposit by continued and forming 
in two or more layers The homogeneity within a field of thickness is very high, surface roughness is very 
small and, moreover, electrical characteristics can form the tantalic acid-ized film of good thin thickness 
with a sufficient precision. According to invention specified to claim 2, since it is made to perform a gas 
exclusion process between an oxidizer adhesion process and a reaction process, membrane formation which 
could eliminate the oxidizer gas which piles up into the gaseous phase in a processing container, or material 
gas to abbreviation authenticity, therefore controlled generating of gaseous phase reaction to abbreviation 
authenticity, and made surface reaction the subject can be performed. According to invention specified to 
claim 4, since you do not need to make it go up and down the pressure in a processing container, the 
throughput of membrane formation processing can be raised. 
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#«P 3 6*S»***tT»D, 3 6UH4, #E 

[0 0 18] r.<Ofti31SS2 0<07 9>> ? SB2 4(0*^ 

Jite, WiLtf^^vi^^B^^— h 3 8M«fc 19 

3t«F*ixT, 2 0 LT 1^5. 

T, wC0«lS^SS2 0<7>TfflSFP<7>liSP$l$2 2 t4, 0llx.fi 

^K^tt*Diffi«:3t^ai lt-)x^ h4 4tfftl 
1B4 6«r^LT«B$^T*5i9, *ty^4 2©#R 
i:J:otfeItS2 0 j*)lc*tLTnr- Ks&VM4T>-nz- 

[0019] «±oi 5 *c:«rilSixfcj«»SSitS: 

fflv^fif/it>ns*»W*ft<o*iHJ6««c:ov^rEI2 

T*«7yp- KttflgKfcl^T, >)x^-}>4 4l: 

«of«*»)x/sw^Mt:ilL, ^li4 0 

5o ±#KB^J:f9, ^t^^ffl4 2|j:ftSl:±#lt 
*Ktt, 8>T:^*:*'n&5 0^1 0 OttSS* 

« Lfc *:*»n3#— h 4 4 teftig^SS 2 0 <DT%ti> 
BBRSB2 2 J: 9 rtSB^»A UTn -KSix. *j»Wtcc 

<obbri»2 214^^5/^4 2i,zx vmcbtix, mm 

[0 0 2 0] -t It, ^^x/nW^3 0 OtSffitu 
HfifLooMS«2 0|*!£K£3I# U ffifetomii, 
$J;ti44 0Pa (0. 3Tor r) gSCU$t5 (j£ 
P2) 0 te3®^3&2 0rt4:BfS©JE**-C 

s 0 r-r*t4, $f, m\Mk\*xffife±. flitfio 

0 s c c mg« 0**««rlMb»J»Ay 3 2/j>ibtfc 
if&U ±IS3 0 0 < C<7)^ > nirx^Sar^±fE4 0Pa(D 

(A) 1^1" J: 5^#¥*flc^ac.7NW<0||lffi||Jl6O*ffi 
(C^I^^/j^^tK^^ 4 8 *S-KK*«— lwft#"#- 

O«F<07k«6«<0«jfe»4 lOcc-lOOOcc 

[0 0 2 1 ] Z<D£o\C s »{k#Jft#XS*S»TUfc* 
fetf (jSP3) , *3R*Ottte«:»JtLT, ^(c, SJS 
iS^tTt^o CCOR^xaT'14, ^m&JJ^t^X 
^'J^L(4*N2 ^^^rtyT^^LTffl^TPET^ 

^P4^t'fiffMMf^o r^tt*&fif4 0. 01 c 




(5) 



C-3-CC (Wim Sf tfc5 8 ^xvswro 
*Blctt«]ftS Lfc J: 9 4 8 *sft# LTV^5 

teu 3 o ox;m&<Di&mvt>t£mt&tixRfcj>mM> 

ID 3 (B) (CTKfJ; 5(ci^u^ugft<^ 

(i»iA) <DmimB<o^^^jumitm (t 32 o 

lw3c£;H. RJ&KJ; t)TyU3— )V (Ca Hs OH) 

2Ta (OC2 H5 ) 5 +5H 2O -> Taz Os + 10 
IOC2 Hs OH T 

[0 0 2 2] rOB#<D^nir^*W=fi, ^-Yi;T^^t 
ITONz #*<D§ftfl7^ 1 0 0 0 s c c mSStfe 9 , 

7viz*i£titemitt<Dmmttmjimtmc4 op a § 

■CfcS P E TdsSBKJCSriff t LTRfS-f £ J: 9 fc» 
fiffiffl* 0!l*.tf 1 5 0 — 4 0 OTCOlfiBrtfcRjeU w 

r^tt±ssoj:9*cii:mo»<bfflf*»xatwu3 o o 
4 0 or^Brt-efcs. 

[0 0 2 3] ±JSoJ:5^lfc{b*M+»XSi:SB; 

ig<o/o -t xwlserw?* ±^t)^m cm^m-t 

-6 OfMIfltfTfcS 0, *^#-?4 S^BSfN 

sttr/i^^i Ammnp^f/uffltmb oa^ 

^£9^ RjSxajWfcTLfcfc&tfP 
ET^fWe&ttihl, 0&P4) , Wft, litJ^Lfc 

t5 4*ft*ltt*ia (^P2-^P3) irSJ&Xli 
(^P3-^P4) £ r COMgi^T^ P 4 — P 9 lZ7jk-f 
J:5JcJ(g»:jttt)3gUfTV^ (12 3 (C) RVB3 40 

(D) ) , fg2/I ^(D^^^/umitms 0 B^^^rita 

[0024] z(DXo^mitMnmjmtR^jimt<D 

ftB^&fti omm&ftix* ms (e) K^i-j; 
9i^tf^ Lxmsztnz* >'*s\'m<km&'&z>o 13 

(E) ±IB-»OX@Sr5lEl^l«9igL 
tToT5l0^y^/^fkK5 OA- 5 0E/jq#bttfc 
ttflSSr^LTv^o :<7)j:9iat, ^t^^y^^K 
fb«OK«<D h-#/w-c\ B«t-*-5KflCSr»Sr t»c so 
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&5. ro±5icL-r, mm<D^j ? ;u(nfcfcT.mt)m 
^ss*fi*as-fr c&pio) , *Qf3ass2 ortd»e> 
£9^ -7*±xi&m*4 0 oWTCI^t, Htfbffll 

#tig t Rj£xa t £ r (ompfxmscmm 0 m uff 9 
A-i 0 oAmmcDttfticm^f^t^mtm*. mm 

[0 0 2 5] £fc, ±lE»lHJ6W^*5*tS«-^^<^SfE 

tf^d-fc^JE*^HLTtt, »Yb«IW*xa&VRjCX 
StdJol/^T, *K 1 . 3Pa (0. OlTorr) —6 
6 5Pa (5Torr)gS«T'ff9:^^ 

X, »ft#W^ttt*jR« (Hz O) Srffll^fcas, r 
*Uc1»6S;M\ iflKfb*** (H2 O2 ) 
(O3 ) Srffi^SJ: 9KLTfc«U\, Sfc. ±ffi£5iSI 

tt&owxawK, EB9<^xaT±i2*Qfas*2 ort^ 

afALfc«Wb»J^^, «VM4PET^Sr«L31*»2 0 
rtoSUS* ^fe#l»-r5fc»0^#»xa«rtT5 J: 9 

[0 0 2 6] B4liroj:5**»W*fe^jB2SIJ6^] 
«hj/Tt^'i'^ft- ht'fc^c B2£B4fc£:lt 

t^Ttt, B2*»-«riMb«ift»xa4:Rrt?xai:ow 

AVRJ4?xai:IMb»JW*xai:WW^, ^tt^tt^^ 

SttftXafefT 9ct 9(CLT^S 0 El4' : f{-*5^T(4, r. 
O^^S^ISII, ^P13-^P14, j&P I 5-^ 
P16, ^P17^P1 8S^P 2 0-^P 2 1 Pfl 

£;p 1 1 -^p 1 2xnt>tizn&3\% fc^f^ft^is 
tiTffix.5wtm5. ro^^sNBfexsT-ii, a: 

ml^xa (^Pl 1-^P1 2Wi^|«<) TftiffiS 
§§2 0rt(:?|A$tl/:ifb9J^St^PET^^ 

st*>e)#»tsfc«)otw-c*t), feiMPi 3~ 

^P 1 4PflT**ix5^SN^xat?«. w^Efltjco^ 
{bfflW-*Xa (^P12-jSP13) Ct^lfS2 0 
rt^A * ftt«tt * *r»l»f 5 

fcco-rfot), ^pi5-^pi6Pflt?/TSii5# 

^s^xaii. roB^sj^xa (^,p 1 4-^p 1 

5) l:tMSS2 Ort^A^tltgffltC^f?, 



M 

[ 0 0 2 7] -0^f^#l»XS^*5rtSAflcW**flF 

X.tfO. 4 Pa (0. 003Torr) *-C«JE-T5r 

SS»2 0rt(CN2 ^^^^^Stt^/^^igA'r^r t 
(aotPET # *^*fc**r*l*-r S Xf^#«ffl5FS 

3\ #*gNI&xa<4, — 2»IBS«tT*tfJ: 

5<7)T*, r<Oi£ft<7)XeT-*^«ll(:VM4PET^^S:*Df 
iS82 0rtl:»ALtW:, flttf KttfiWRJefc* 

[0028] rr-c, ^#*xai LT^**ffl5p 

a^SfSXS^^JE^fcm — (Ofii, 0iJx«4 OPaC 
T% XSSlCflE^WaES:fi l 5iK«^<C<*f9, *<0«\ 

JBgWKfT 9 J: 5 K LT t> J: v\, 

[0 0 2 9] B5(4reOJ: 5 <C*:*M*ffi<0» 3 HlfeffJ 
^«En*^-f-^^ A^-^r— hr-fcSo H)4 <hlH5 b%Vc 
»LT^6 «t 5 IC, ~ (7)11! 5 % 3 3lffi0iJ(^*5 

l^T(4, B4^JC*i-^#|»xa(C*3t^'C-t<Offi*l4 

— s**fis«:fToT^S. H5f (c*5V^Tf4, #*SN«UB 
JC£3l#£?ifff4, 1 1 -/&P 11-1, ^P13- 
JRP13-K SP15-SP15-1, £P17 
P 1 7 - lXtf/SP 2 0-^P 2 0- lM^TtTtoixT 
^^#«ffl^Stt^^^--^f^f4, /SP 
11-1 -£P 12, ^iP13-l 14, ,§P1 

5-1 1 6, /&P 17-1 1 8MAP 2 

0-l-^P2 lBBlCTfTto*LTV^5. wwT% 

#»ff«4, **tW«Atf i»ima«(T*.tfJ:v^ 
ct5tc, #*8MfcxaK*3ivr, #*#«ffl*E2£5l#* 
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[0 0 3 0] ^W*rj£OMLD^cJKi:?£5l50C 
VDJ&BI (5feOl$i2 0 0 0-8 0 9 0 4 Cti^Lt 

10 CVD/SMSrffotfiRt (#12 0 00-8 0 9 041^ 

^Lfc^Sx^fr) t, ias^2ooic»t;3ooti: 
^ , ^as^b 14-tn-enia 5 ic^-r #3&w<E>gs 

li^7'Pt^^fi^2 0 O^fCjt^LT 1 0 0 01 
20 5 e tt*CI4jfc0>tt« (W12 0 0 0-8 0 9 0 

t*mmte4 1 otr-fe^, 11:, je*Di4a*o— » 

«*CVDJc:J:9fi8:BtLfc»'&S:*bTi3D, ^nir* 
iaffii4 4 1 o^r^^o 

[0031] :w^77^fc«M»4± ^ffiffitc 

HLT, **M*rft<Oje*A, Bi«Wtll. 2AS 

*»irj:6tt*D<D4. 5Axa*offli(D*Si:J:5 
*£*C02 A J; 9 fc*ffia**s*»4 0/hS < iotfe 
30 9, A»fttt*fc»6>Jx*ri:a«tOWUfc. **W 

^fi^-hj4, naafcoo. 5Aa*-c*>o, 300 
4 1 oK;\zxcvuj&m&ff^ftmk*ftW<nMLr>f& 
X*hZ>o 12 7 l:^t^?7t, WttAI4H5K*-r#» 

VDfifcKS:firofc«po«* (^Pt^ifl*i4 1 or) 
40 ^^i" 0 

[0032] :^77^e>B&Wi5i:, 

&*¥&W%fekc£Zm<D%&frteQ&tlX\**ZZktm 

T, PET^t*l:^ty7^tLTN2 ^^Srffl 
t^fctf, te^^Stt^^, ffMHe, Ne, A r ^/X 

50 RJtSfi-f, ^V^^Sr^«ftfeOW»^«:fflv^Tb 



(7) 
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[0 0 3 3] ikti. ±B**lfc«-eH:, ¥SK**^<o 
fltfc^ »©«iLTJH*Wlctt, B 8 3 

tt*ri*ffl-*-5wtas-e#4 0 i-ttb*> % El 8 (A) ^ 

-r ethics io 2 m£9t£&minibmm5±icmtfListi 

(B) l:^fj;5|;drt^^JfiiKi: lt^y^^» 10 

m mt&mm 5 ±.izm^<nm acorns? /nntui 8 

/J s T-#5o t^oT, B8 (C) (c^^-J: 9 jc, coll 
K 1 l UTISjm® 3,11 MKWESrfP 

«&»^FSa^9 ffli2» ^84ltv^^OT, 20 

*o«»wwtt«r*<ii«rt-ari:*»r«Btft». «, 

■*\ fflX-teM IS (Metal Insulator 
Semi conduc tor) ffitfgO^r ir l£ fciS 

[0034] rr-ei** ****iare % 

[0 0 3 5] 

t!5„ B**l, 3, 5, 6, 7, 8fcl«jei-5?MH 
SiCIotMtS n t iz J: 9 ±{£<D? >?^m<t^ 40 



'KSr'tfi r i: #-e# 3 0 »j|t*4 -fcti 

[mi] **w^ss^**-rs*«3S«t*r«iaia^ 
[02] *»w*fto*ise*«<z)flEns:«-r*^A^ 
[in 3] **w*it^fe«t5*ii^«t*i"**ia^& 

[04] *^0^^ffiO^2^ffi^jO^n^^i-^^ 

[in 5] *^0^*ffico^3^^joi^n^^-r^-< a^- 

[06] 1 0t^TCVD«$rtTof:B$t, & 

S2 0 0°CRXJ^3 0 O^tCT-^tt-en^PJOMLD/S: 

[0 7] t£4 1 0tl:TCVD«$:ttofJ$t« 
WOMLDMtffofel»Otixfil(Olt(Dtt*»« 

[18] MIMffiW^t^>^i7)^t^^lii: 

m^co-m z^-rmm a -c *> s e 
[giio] ^>^/^mtm(oatmi — h^^a^- 

[Eli] ^y^a^-i/ 3 y^^fA^M«l^ 

[gl2]MIM(Metal Insulator 
Me t a 1 ) «JS^*-r^*>^^l6l»WCOt^TRW-t" 
5/c#>6O0T*fc6 o 

2 y— * 

4 KK> 

8 9>9;i>m\M 

10 T i NBg 

12 ?-vnM 

2 0 #L3S^3s 

2 6 *DjRfc— * OtaJR^g*) 

3 0 f&Pttf^mXJXfr (MM^f^^SL) 

3 2 wm*a>x/p (mmm®^®) 

3 4 8*»AyX;U 

4 4 £j:/>7tf— h 
4 8 TK^tf* 

50A-50D f % s*/i>mtm 
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